The inhibitory effects of 45 plant extracts selected from Central Kalimantan, Indonesia on Babesia gibsoni in vitro and their acute toxicity to mice were evaluated. Of these plant extracts studied, Arcangelisia flava, Curcuma zedoaria, Garcinia benthamiana, Lansium domesticum and Peronema canescens were found to have appreciable antibabesial activity with IC 50 values from 5.3 to 49.3 µg/ml without acute toxicity in mice at the intraperitoneal dose of 0.7 g/kg of body weight.
Canine babesiosis is a tick-borne disease of wild and domestic dogs caused by intraerythrocytic parasites, Babesia gibsoni and Babesia canis. The parasites are widely distributed in tropical and subtropical areas worldwide and cause hemolytic anemia of the affected dogs [2, 5, 22] . Diminazene aceturate (Ganazeg) is an aromatic diamidine used extensively for the treatment of B. gibsoni infection in affected areas of the world [5] . Although the medicine can reduce the severity of clinical signs and the mortality associated with the disease, it sometimes induces severe side effects such as weakness, irritability, paralysis, non-responsiveness to stimuli and fatal central nervous system haemorrhage [3] . Dogs that have recovered from the babesiosis also commonly become chronic carriers, thereby posing a source of infection for other dogs and ticks. Notably, production of this drug was recently stopped. Therefore, for the treatment of B. gibsoni infected dogs, an alternative chemotherapeutic agent having few side effects is urgently needed. One possible source of such affordable treatment lies in the use of plant extracts.
Central Kalimantan, Indonesia is well known for its green tropical vegetation and peat swamp forests. Its diverse nature and uses are claimed to have medicinal properties. No data are available to assess the extent to which these plant extracts can be used for the treatment of B. gibsoni infected dogs. The aims of the present study were to evaluate the inhibitory effects of the Central Kalimantan plant extracts on the B. gibsoni in vitro and their acute toxicity to mice.
Forty-five plants were collected from Central Kalimantan, Indonesia based on ethnopharmacological characteristics. These plants were identified at the Herbarium Bogoriense, Indonesia. Voucher specimens were deposited at the Department of Research and Development for Biology, Indonesian Institute of Sciences, Bogor. Each plant sample (10 g) was boiled for 30 min in 200 ml of water twice. The boiling water was freeze-dried and then ground into powder.
To evaluate the antibabesial activity, the powder of plant extracts was dissolved in dimethyl sulfoxide (DMSO) and further diluted with RPMI 1640 medium supplemented with sodium pyruvate (0.1 mg/ml), glutamine (0.3 mg/ml), sodium bicarbonate (2 mg/ml), penicillin (100 units/ml) and streptomycin (100 µg/ml). The final DMSO concentration was not more than 0.1%. B. gibsoni used in this study was maintained in the culture medium according to a modified method of Murase et al. [12] . Heparinized venous blood from a normal dog was washed three times with Vega y Martinez (VYM) solution [21] , and then washed twice with RPMI 1640. After the washing, erythrocytes were resuspended to a final packed cell volume of 6% in a culture medium consisting of 60% RPMI 1640 and 40% normal dog serum. The erythrocyte suspension was mixed with parasitized erythrocytes to get 0.5-1.0% parasitemia at the start of incubation. The test was done in a 96-well culture plate and each well contained 25 µl of parasitized erythrocyte suspension and 25 µl of extract solution containing the respective concentrations of each extract. Final concentrations of the extracts were 0, 1.9, 3.9, 7.8, 15.6, 31.2, 62.5, 125, 250, 500 and 1,000 µg/ml. The plate was incubated at 37°C under a humidified atmosphere of 5% CO 2 , 5% O 2 and 90% N 2 . After keeping the plate in an incubator for 72 hr, a Giemsa stained thin smeared specimen was prepared and the parasitemia level was determined by counting the number of parasitized cells in 1,000 erythrocytes.
Plant extracts having activity were then tested for acute toxicity to mice at a dose of 0.7 g/kg of body weight. The administered dose (0.7 g/kg) was determined according to a lethal dose (LD 50 ) of antimalarial plant extract of Enantia chlorantha [1] . Five mice (SLc: ICR, male, body weight 28 ± 2 g) per group were housed in metal cages and given a standard laboratory diet and water ad libitum. Each mice was intraperitoneally given extract on the first day of the experiment. Each dose was given in 0.2 ml of 0.1% carboxymethyl cellulose (CMC) solution. One group, which was given CMC solution, served as the control. The toxicity was determined by observing which mice were dead or alive for 7 days after administration.
Antibabesial activities of the 45 plant extracts on B. gibsoni in vitro are shown in Table 1 intraperitoneal dose of 0.7 g/kg of body weight ( Table 2 ). The other extracts proved acutely toxic and may be harmful in the treatment of B. gibsoni infected dogs. The acute toxic effects in mice might be due to the presence of toxicological constituents in the plant extracts.
A. flava is an important component of folk medicine for the treatment of jaundice, stomachic, anthelmintic, smallpox and aphtha [13] . The phytochemical investigation of A. flava has previously shown the presence of berberine, hydroxyberberine, columbamine, jatrorhizine, palmatine, thalifendine, dehydrocorydalmine, shobakunine, limacine, homoaromaline, pycnarrhine and furanoditerpenes [4, 10] . In the present study, extracts of A. flava twig displayed very high antibabesial activity with IC 50 5.3 µg/ml. C. zedoaria rhizome is widely used as stimulant, stomachic, carminative, diuretic, antidiarrhoeal, antiemetic, antipyretic and depurative [13] . Sesquiterpenes, aerugidiol, curdione, curcumin, curcumanolide, curcumenone, curcumenol, furanodiene, germacrone, isocurcumenol, neocurdione, zedoarol and zedoarondiol have been isolated from this plant and some of them showed an inhibitory effect on Dgalactosamine and lipopolysacharide-induced acute liver injury in mice [9, 11, 18, 19] . The rhizome extract of this plant displayed moderate antibabesial activity with IC 50 41.7 µg/ml.
Genus Garcinia comprises about 200 species of polygamous trees to shrubs, mainly distributed in South-East Asian regions [20] . Various species such as G. indica, G. mangostana and G. kola have been extensively studied as antihuman immunodeficiency virus, antimicrobial, antihepa-toxic, antioxidant, antiinflammatory and antiulcerogenic [7, 17] . Garcinia is well known for the presence of xanthones, flavonoids, benzophenones, lactone and phenolic acids [20] . Extract of the G. benthamiana bark showed high antibabesial activity with IC 50 16.3 µg/ml. L. domesticum is a plant native to the Indomalaysia regions widely cultivated for its edible fruit. Bark of this plant can be used for the treatment of dysentery, malaria and as an antidote of scorpion poisoning [13] . Lansic acid, lansiolic acid, dukunolide and cycloartanoid triterpene have been previously isolated from this plant and some of them showed an inhibitory effect on skin tumor promotion [6, [14] [15] [16] . The aqueous leaf extracts of this plant were also found to reduce Plasmodium falciparum growth in culture [23] . Extract of the L. domesticum bark showed moderate antibabesial activity with IC 50 49.3 µg/ml. P. canescens is used as a commercial source of timber in South-East Asia regions [20] . Leaves of the plant are traditionally used for the treatment of toothache, fever and dermatosis [13] . Clerodane diterpenoids, named peronemins A2, A3, B1, B2, B3, C1 and D1, have been isolated from the P. canescens leaves as an antimalarial agent [8] . The leaf extract of this plant showed moderate antibabesial activity with IC 50 43.8 µg/ml.
The results given in this paper are a preliminary evaluation of the most interesting plant species and provide additional biological data on Central Kalimantan plants. It would be of interest to further investigate, isolate and identify the possible active principle components of the extracts towards development of antibabesial drugs. N number of mice per group was intraperitoneally injected with plant extract at a dose of 0.7 g/kg of body weight.
